Background
The Nordic countries (Denmark, Finland, Iceland, Norway, and Sweden) have been collecting health data of high quality and complete coverage in national registers for decades. [1] [2] [3] [4] [5] [6] [7] All the Nordic countries have public health care systems and it is mandatory for the health care professionals to report to the national registers, including data on births, cancer, in-and outpatient care visits, causes of death, and prescribed drugs. 6, 7 All residents of the Nordic countries are assigned a unique personal identification number at birth or immigration. [6] [7] [8] [9] The personal identification number allows for accurate linkage of information from the different registers. The possibility of linking data has made the Nordic health care registers valuable in epidemiological research. 6, 7 the Nordic and other populations, such as the population of the US, the generalizability of the data may be questioned. The aim of this population-based study was to describe and compare the characteristics of females and their infants in the Nordic countries and the US.
To the best of our knowledge, this is the first study that compares both similarities and differences in characteristics between the Nordic countries and the US among pregnant females and infants.
Materials and methods

Data source and study population
The study included data on all females who gave birth, and their infants, between 2006 and 2010 in the Nordic countries and the US. The American data were obtained from the official statistics held at the National Center for Health Statistics at the Centers for Diseases Control and Prevention. 12 The Centers for Diseases Control and Prevention data files included data from the birth data files, the birth cohort -infant death data files, and the fetal death data files. The US data files are considered to have a high degree of completeness and 99% of all births are recorded in the birth data files. The Nordic data were obtained from the official statistics in each country [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] and from a previous Nordic collaborative study based on information in the national health care registers. 11 Some data from Finland were provided directly by the National Institute for Health and Welfare in Finland. 23 Each Nordic country has a medical birth register that records detailed information on all females, deliveries, and their infants. The American data were based on birth certificates and included data on infants born after gestational week 17. In this study, a lower limit of 22 weeks gestational age was used for inclusion. The study was mainly based on official statistics from the Nordic countries and the US and included data at an aggregated level, which is publicly available on the Internet. For research containing no personal data there is, according to Swedish law, no requirement for ethics review. Data was also obtained from the previous Nordic collaborative study, 11 and that study was approved by the Regional Ethical Review Board at Karolinska Institutet in Stockholm, Sweden; the National Board of Health, Denmark; the Danish Data Protection Agency; the National Institute for Health and Welfare of Finland; Statistics Finland; the Data Protection Authority and the National Bioethics Committee in Iceland; and the Norwegian Data Inspectorate.
Maternal and infant characteristics
Characteristics related to the pregnancy (maternal age, parity, maternal marital status, maternal country of birth, race, and smoking in early pregnancy), the delivery (cesarean section, number of infants, and gestational length), and the infants (birth weight, sex, congenital anomalies, stillbirth, and neonatal death) were compared between the Nordic countries and the US. Cesarean section was defined as a delivery performed by cesarean section independent of whether it was a planned or an emergency section. Parity was given based on the number of previous pregnancies leading to a delivery independent of whether the newborn was dead or alive at the time of birth. For the first pregnancy, the parity was zero. Number of infants were the number of infants born at a delivery and were grouped as single (one infant) or multiple (two or more infants). Maternal country of birth was only reported for the Nordic countries and the mothers were categorized as born in a Nordic country or not. Information on race was not available in the Nordic countries and was therefore only reported for the US as Whites, Blacks, American Indian/American native, or Asian/Pacific Islander. Low birth weight was defined as weight <2,500 g and high birth weight as >4,500 g. The sex of the infant was the sex reported on the birth certificate and was grouped as female or male. Preterm birth was defined as birth <37 gestational weeks and very preterm delivery as birth <32 gestational weeks. Post-term birth was defined as birth after ≥42 weeks of gestation. The congenital anomalies reported in the study were anencephaly, meningomyelocele/spina bifida, omphalocele/gastroschisis, and Down syndrome. Stillbirth was defined as the birth of an infant who showed no evidence of life after 22 weeks of gestation. Neonatal death was defined as the death of a live-born infant within the first 27 days after birth and was grouped as early neonatal death (0-6 days) and late neonatal death (7-27 days 
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Maternal and infant characteristics a combined variable in the Nordic countries was compared with married in the US. All data management and analysis were carried out using SAS 9.4 (SAS Institute Inc., Cary, NC, USA).
Statistical analysis
Descriptive estimates were calculated in the form of central tendency (mean values) and distributions. Estimates were presented together with 95% confidence intervals. For the 
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Löfling et al Nordic data, the mean age for the aggregated years 2006-2010 was obtained by calculating the weighted mean age, using the number of deliveries per year to create the weight.
In additional analyses, characteristics related to the pregnancy, delivery, and infants were also estimated, restricting the data from the US to females who had graduated from university as a proxy for higher socioeconomic status (SES).
Results
In total, 22,593,635 births were included in the study, 21,099,903 from the US and 1,493,732 from the Nordic countries ( Table 1) .
The mean maternal age at delivery was lower in the US compared to the Nordic countries, both for all deliveries (27.5 vs 30.3 years) and the first delivery (24.8 vs 28.3 years). The mean age for both the first delivery and all deliveries was stable in both the regions during the study period (Figures S1 and S2). Cesarean sections were almost twice as common in the US as in the Nordic countries (32.2% vs 17.9%), and the occurrence did not change during the study period ( Figure S3 ). In the US, 19.5% of mothers had a parity ≥3. In the Nordic countries, the corresponding proportion was 6.5%. A higher proportion of females were married in the US compared to the Nordic countries (59.9% vs 51.8%). When comparing the Nordic combined variable of married and cohabiting to married in the USA, the proportion in the US was lower than in Nordic countries (59.9% vs 90.2%). Low birth weight (8.2% vs 4.8%) and preterm delivery (12.3% vs 5.9%) were more frequent in the US, while high birth weight (1.0% vs 3.3%) and post-term delivery (5.6% vs 7.4%) were less common in the US. The proportion of infants with low birth weight did not change over time in any of the compared populations ( Figure S4 ).
The prevalence of congenital anomalies differed between the populations. For anencephaly, the prevalence was higher in the US (12 vs 1 per 1,00,000 live-birth singletons), and for Down syndrome the prevalence was lower in the US compared to the Nordic countries (49 vs 103 per 1,00,000 live-birth singletons). Smoking in early pregnancy was less common in the US than in the Nordic countries (9.8% vs 11.2%). Smoking varied widely among the Nordic countries: from 6.9% in Sweden to 18.0% in Norway ( Table 2 ). The prevalence of smoking in early pregnancy decreased in both the Nordic countries and the US during the study period (Figure 1) .
Restricting the data from the US to only include females with a university degree revealed that their characteristics were more similar to those of females in the Nordic countries, eg, maternal age at all deliveries (31.2 years), maternal age at the time of the first delivery (29.5 years), parity ≥3 (14.3%), birth weight <2,500 g (7.0%), and preterm delivery <37 weeks of gestation (10.6%). The proportion of married pregnant females with a university degree in the US was similar to that of Nordic females who were married or cohabiting (88.5% vs 90.2%).
Discussion
In this comparison between the Nordic countries and the US, which included over 20 million pregnancies, we found that the mean maternal age was higher in the Nordic countries both for the first delivery and for all deliveries. The prevalence of cesarean section was almost twice as high in the US. Having at least three children, being married, low birth weight, preterm delivery, and anencephaly were more common in the US, whereas in the Nordic countries, it was more common that infants had a high birth weight, were born post-term, or had Down's syndrome. Smoking in early pregnancy was more common in the Nordic countries.
The observed differences in the characteristics of pregnant populations of the US and the Nordic countries likely contribute to differences seen in pregnancy outcomes. In the US, ~40% of the deliveries in 2003 were covered by Medicaid, a social health care program for families and individuals with low income and resources. 24 This indicates that a high proportion of the mothers in the US had a low SES, which likely affected many of the variables assessed in this study. When restricting the US data to females with a university degree, as a proxy for higher SES, the characteristics were more similar to those of Nordic females. However, there were still differences between the groups, which are likely due to factors other than SES, such as genetic differences, or differences on a structural level in the society affecting all citizens independent of SES (eg, treatment recommendations, procedures, or organizations of the health care systems). Nevertheless, this indicates that the Nordic population mirrors those in the US with a higher SES better than the overall US population. It is also worth mentioning that, in Sweden, in 2010, ~42% of all females in the age 25-64 years had a university degree. 25 The prevalence of cesarean section increases with age. 26 However, the results in this study found that cesarean section was less common in the Nordic countries compared to the US, despite a higher mean age at delivery. This contradiction may reflect different obstetric practices and health care system organizations. Cesarean section may affect morbidity and mortality later on in life for infants as well as 
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Maternal and infant characteristics mothers. For example, infants delivered by cesarean section have both short-and long-term increased risk of developing type 1 diabetes, asthma, and allergies. 27, 28 Cesarean sections have been associated with different complications for the mother, eg, an increased risk of preeclampsia in subsequent pregnancies, 29 but may also have beneficial effects, such as lower risk of adverse birth outcomes in breech presentations and decreased risk of pelvic organ prolapse symptoms. 30, 31 Though the World Health Organization in 1985 set the optimal rates for cesarean section to be 10%-15%, the rates 
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Löfling et al have continued to increase globally, including in the Nordic countries. 32, 33 Low maternal SES has been associated with an increased risk of both giving birth to infants with low birth weight (<2,500 g) and preterm deliveries (<37 weeks). 34 A higher proportion of females with low SES in the US may explain the higher proportion of low birth weight and preterm deliveries in the US. As for cesarean delivery, both low and high birth weight may explain a higher occurrence of conditions seen later on in life. Low birth weight has been associated with systolic hypertension, asthma, and type 2 diabetes. [35] [36] [37] High birth weight, which was more frequent in the Nordic countries, has also been associated with an increased risk of poor health such as type 1 and 2 diabetes, and obesity. 35, 38, 39 The higher proportion of mothers with a parity ≥3 in the US may be a result of younger age at first delivery, allowing time for more pregnancies to occur during a female's reproductive lifetime. It is also possible that the higher parity reflects religious and cultural differences between the compared regions.
There was a small difference in the prevalence of congenital anomalies between the compared regions. However, due to the rarity of congenital anomalies, the small number of observed cases limit the possibility to determine any real difference between the Nordic countries and the US. For example, during the 5 years studied, there were only nine cases of anencephaly in the Nordic countries. The observed differences could be due to differences in clinical practice such as routine ultrasounds during pregnancy and attitudes toward termination. The higher maternal age at delivery in the Nordic countries may contribute to the higher prevalence of Down syndrome seen in the Nordic countries.
It should be noted that, for the US, previous studies found the prevalence data concerning the anomalies that were assessed in this comparison to be underestimated. 40, 41 Data from Sweden [42] [43] [44] [45] [46] and Finland 47,48 also indicate that anomalies could be underreported in the medical birth registers, as some anomalies may be diagnosed after discharge from the postnatal care units and for that reason may not get included in the birth registers.
According to previous studies, smoking during pregnancy is more common among mothers with a low SES and younger mothers. 49, 50 With this in mind, and the assumed higher proportion of mothers with low SES in the US, it would be expected that smoking is more common in the US than in the Nordic countries. The higher prevalence in the Nordic countries was mainly due to the high prevalence in Finland (14.9%) and Norway (18.0%) ( Table 2 ). In Norway, smoking was only recorded for females who gave their consent to register this information. [13] [14] [15] [16] [17] Accordingly, the actual proportion of smokers during early pregnancy may be even higher in Norway.
Strengths
This study has covered all births in the Nordic countries and the US that occurred between 2006 and 2010, and the completeness of data in all countries is high. 12, 51 The large number of pregnancies obtained from using the registers facilitated 
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Maternal and infant characteristics comparison of the groups with a good degree of accuracy. The use of register data reduces the level of recall bias and sampling uncertainty. The study also included information concerning several covariates, which are important when considering differences in pregnancy outcomes.
Limitations
Some of the assessed variables were not available in all the Nordic countries. For example, maternal marital status was missing for Denmark; maternal country of birth was missing for Finland and Norway. Smoking during pregnancy was not captured in Iceland and in Norway only the mothers who gave their consent were registered as smokers. However, as the missing data were for a whole population, this cannot cause bias. Discrepancies between the different countries regarding the exact time period during pregnancy for which the characteristics were recorded may be a limitation to the comparisons.
Conclusion
There are some differences in maternal and neonatal characteristics between the Nordic countries and the US and it is important to be aware of these differences when generalizing findings based on data from the Nordic countries to the general US population. It is notable that the Nordic maternal and neonatal characteristics were more similar to those of the females in the US with a university degree, indicating that SES should be taken into consideration when generalizing findings from the Nordic countries.
Clinical Clinical Epidemiology is an international, peer-reviewed, open access, online journal focusing on disease and drug epidemiology, identification of risk factors and screening procedures to develop optimal preventative initiatives and programs. Specific topics include: diagnosis, prognosis, treatment, screening, prevention, risk factor modification, systematic reviews, risk and safety of medical interventions, epidemiology and biostatistical methods, and evaluation of guidelines, translational medicine, health policies and economic evaluations. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use.
Dovepress
294
Löfling et al 
